The internal transcribed spacer (ITS) region of rDNA and the intervening 5.8S RNA gene for Erysiphe (Sect. Microsphaera) pulchra and Phyllactinia guttata, powdery mildew pathogens of flowering dogwood (Cornus florida) were analyzed using polymerase chain reaction (PCR), and polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP). While the two fungi displayed close bands with universal primer pair, ITS 1 and ITS 4 at 642 bp and 659 bp, respectively, the ITS primers also amplified the host-dogwood DNA and displayed the band of about 710 bp. PCR-RFLP of the ITS region showed different patterns between E. pulchra and P. guttata after digestion with enzymes Alu I, Dde I, Hae III, Hinf I, Rsa I, and Sau3A I. PCR-RFLP would be a useful technique in disease diagnosis of anamorph stage of dogwood powdery mildew pathogens.
INTRODUCTION
Powdery mildew has become a widespread problem in flowering dogwood (Cornus florida) in nursery and landscape environments. The disease has been associated with reduced plant vigor, shoot and root growth (Mmbaga 1998) , reduced flower-bud set and reduced spring bloom (Hartman 1998) . The effect of this disease on established plants is largely cosmetic, but plant mortality in one year-old seedlings have been associated with severe disease outbreaks (Daughtrey and Hagan 2001) . Two pathogens, Phyllactinia guttata (Wallr.) Lev. [syn. Phyllactinia corylea (Pers.) P. Karst.] and Erysiphe (sect. Microsphaera) pulchra (Cook & Peck, Braun & Takamatsu) have been associated with this disease (Braun et al. 2002; Braun and Takamatsu 2000; Daughtrey and Hagan 2001; Hartman 1998; Klein et al. 1998; Mmbaga 1998 ).
The two pathogens can be readily identified at the teleomorph stage (Klein et al. 1998; Mmbaga et al. 2004) , but in dogwood, ascocarps are not available when disease symptoms are prominent. The anamorph (asexual) stage (Oidium sp. for E. pulchra and Ovulariopsis sp. for P. guttata), persists seasonlong, but the two pathogens cannot be easily distinguished using conidia or disease symptoms (Barnet and Hunter 1998) . A practical approach is to use molecular markers as a tool in the diagnosis of powdery mildew pathogens. ITS regions of DNA have been widely used in identifying and distinguishing pathogens for fungal diseases in plants (Braun and Takamatsu 2000; Godfrey et al. 2003; Saenz et al. 1999) . Thousands of sequences of ITS regions from fungi have been published in the GenBank (http://www.ncbi.nlm.nih.gov). DNA sequences of ITS regions have been used to design ITS-specific primers and other PCR-based assays for diagnosis of plant pathogens (Casimiro et al. 2004; Lecomte et al. 2000; Mmbaga et al. 2004; Rehmany et al. 2000; Shi et al. 2006; Vandermark et al. 2000; Zhang et al. 1999) . Molecular approaches have been widely used in distinguishing, identifying, and detecting powdery mildew pathogens in many plants (Adam et al. 1999; Cunnington et al. 2004a Cunnington et al. , 2004b Kiss et al. 1998; Mmbaga et al. 2004; Mori et al. 2000; Takamatsa et al. 1998 Takamatsa et al. , 1999 . PCR-RFLP has been used to distinguish and characterize different fungi (Guo et al. 2000; Manceau et al. 1997; Rivoal et al. 2003) . Although two ITS primer pairs that distinguished E. pulchra from P. guttata at the anamorph stage have been reported , our further studies showed the two identified ITS primer pairs were not species-specific for the two pathogens and also they amplified DNA of the dogwood leaves . The objective of this study was to conduct additional studies on the ITS region of the two powdery mildew pathogens using regular PCR and PCR-RFLP to provide a tool to distinguish the two pathogens in dogwood.
MATERIALS AND METHODS

Powdery mildew materials:
In autumn 2003, samples of powdery mildew infected leaves were obtained from Kentucky, New York, North Carolina, South Carolina, Tennessee, and Virginia. In spring 2004, additional samples were collected from six locations in South Carolina, five locations in North Carolina, one location in Virginia, eight locations in Georgia, and five locations in Tennessee. At least four samples were collected from each location and in total more than 100 samples were collected. All samples collected in spring contained the anamorph powdery mildew, but samples collected in autumn had both teleomorph and anamorph stages. Ascocarps of P. guttata were observed in samples collected from only one location in Kentucky (Dr. John R. Hartman of the University of Kentucky, Department of Plant Pathology Extension Service, Lexington, KY). Ascocarps of E. pulchra were observed in all locations including Kentucky. Ascocarps and mycelia were isolated from infected leaves; samples from the same location that had small amounts of mycelia or ascocarps were combined during DNA extraction. A total of 25 DNA samples were processed. DNA extraction and amplification: Genomic DNA was extracted from the following materials (1) noninfected dogwood leaves, (2) P. guttata ascocarps, (3) E. pulchra ascocarps, (4) mixed ascocarps of E. pulchra and P. guttata; (5) unidentified conidia and mycelia, and (6) powdery mildew infected leaves. The DNA extraction was done by using DNeasy Plant Mini Kit (Qiagen Inc., Valencia, CA) following the instructions provided by the manufacturer.
The universal primer pair, ITS1 (tccgtaggtgaacctgcgg) and ITS4 (tcctccgcttattgatatgc) were used to amplify the ITS region in the six groups of DNA samples. The primer pair, ITS1-F/ITS4 (ITS1-F: cttggtcatttagaggaagtaa) was also used to amplify the ITS regions in the two pathogens, E. pulchra and P. guttata (White et al. 1990 ) (http://plantbio.berkeley.edu/~bruns/primers.html) .
The DNA amplification was performed in a DNA thermal cycler following standard PCR procedures with minor modifications. Each 50 µl PCR reaction mixture consisted of 36 µl sterile ddH 2 O, 5 µl 10X PCR buffer (Promega), 3 µl MgCl 2 (25 mM), 1.5 µl dNTP (10 mM total, 2.5 mM each), 1.5 µl primer each (20 ng/µl), 0.2 µl Taq polymerase (Promega) (5 µ/µl), and 1.3 µl template DNA (20 ng/µl). PCR cycles consisted of an initial denaturation step at 94 
Sequence analysis of the ITS region:
The PCR products were purified by use of QIA quick PCR Purification Kit (Qiagen Inc, Valencia, CA) (http://www.qiagen.com) following the instructions of the protocol from the manufacture. The PCR products were then sequenced by the Davis Sequencing Inc at Davis, CA (http://www.davissequencing.com). The complete sequence of ITS region amplified from the primer pair ITS-F/ITS4 including the sequences of the two primers was published in GenBank: AY870864 for E. pulchra and AY870865 for P. guttata, respectively.
PCR-RFLP
The PCR products were digested using six enzymes, Rsa I, Alu I, Dde I, Hae III, Hinf I, and Sau3A. The digestion of PCR products was performed following the instructions from the manufacturer (Promega) for each enzyme. Each digest reaction consisted of 2.0 µl RE 10X buffer, 0.2 µl acetylated BSA (10 µg/µl), 16.8 µl direct PCR product, and 1.0 µl restriction enzyme (10 µg/µl). The digestion mixture was incubated at 37 0 C water bath for 3 hr or longer depending on the enzyme. The digestion products were visualized in 1.5% agarose gels in 1X TBE, stained with ethidium bromide RESULTS Sequence analysis of the ITS region: The universal primer pair, ITS1 and ITS4 amplified DNA from all samples. Dogwood healthy leaves showed one band of about 710 bp; P. guttata ascocarps showed one band of about 660 bp, E. pulchra showed one band of about 640 bp. The mixed E. pulchra and P. guttata DNA showed two bands of about 660 bp and 640 bp for P. guttata and E. pulchra, respectively; the unidentified mycelia and conidia showed one band of 640 bp corresponding to E. pulchra. DNA of powdery mildew infected leaves showed three bands, 710 bp, 640bp, and 550 bp corresponding to the host, E. pulchra and another unidentified fungus growing on the powdery mildew infected leaves. All tested sample of powdery mildew infected leaves showed similar results with two bands of about 710 bp and 640 bp, corresponding to the band size of the host and E. pulchra, respectively.
The size of E. pulchra PCR fragment was 642 bp and 680 bp amplified from the primer pairs ITS 1 /ITS 4 and ITS 1 -F/ITS 4 , respectively (GenBank Accession No. AY870864). The P. guttata PCR fragments were 659 bp and 697 bp from ITS 1 /ITS 4 and ITS 1 -F/ITS 4 primers, respectively (GenBank Accession No. AY870865). The CG% of the PCR products was 54.0 and 55.8 for E. pulchra and P. guttata, respectively. It was only slightly smaller when ITS1-F/ITS4 primers was used, 53.1 for E. pulchra and 54.7 P. guttata. However, the sequences of E. pulchra and P. guttata were very different and there was only 75.2% matching between them according to the tool LAIGN of FASTA (http://fasta.bioch.virginia.edu/fasta_www/lalign.htm).
The sequences of E. pulchra PCR product amplified by the primer pairs ITS 1 -F/ITS 4 and ITS 1 /ITS 4 were identical to the sequence of the locus AB015935 of E. pulchra var. pulchra in C. kousa reported from Japan in GenBank (Takamatsu et al., 1999) . Results from this study differ slightly from the sequence of US samples reported in 2003 (GenBank Accession no AY224136, Mmbaga et al. 2003) . This study used purified DNA and a slightly longer fragment of the ITS region was amplified compared to the 2003 sequence analysis (GenBank Accession no AY224136, Mmbaga et al. 2003) . Samples of E. pulchra used in this study were from diverse locations in different States while samples in previous report were from different locations within Tennessee only. Results on the ITS region DNA sequence analysis did not show sequence variations between isolates from different states; all samples produced 100% match to the Japanese E. pulchra.
Results on the DNA sequence of P. guttata showed 100% match with previous results published in the GenBank (GenBank Accession no AY224137, Mmbaga et al. 2003) . However, a longer ITS fragment was amplified: 697 bp (AY870865) compared to the 596 bp in the previous study (GenBank Accession no AY224137, Mmbaga et al. 2003) . A comparison of the ITS DNA sequence of P. guttata in C. florida with information from the GenBank for other P. guttata showed 97% match to P. guttata on Calycanthus occidentalis host (GenBank Accession no AF011314); a 92% match to P. guttata in Corlus cornuta host (GenBank Accession no AF011315), and P. guttata in Corylus cornuta host. A comparison to other related powdery mildews species showed a 94% match to P. kakicola, 92% match to P. moricola, and 92% match to P. fraxinus.
PCR-RFLP analysis:
When the PCR products from ITS 1 /ITS 4 and ITS 1 -F/ITS 4 amplifications were digested with restriction enzymes, E. pulchra and P. guttata showed different patterns of DNA fragments. The E. pulchra digestion using enzyme Alu I produced one strong band of about 270 bp and two very weak bands of about 220 bp, and 190 bp, but the enzyme did not digest P. guttata. The sequences of PCR product from ITS 1-F/ITS 4 amplification showed that Alu I has two cutting sites to produce three bands, at 268 bp, 223 bp and 189 bp and there were no cutting site in P. guttata (Table 1) . On contrast, P. guttata after Ras I digestion produced two bands of 536 bp and 161 bp, but the enzyme Ras I did not digest E. pulchra (Table 1 ). The other four enzymes, Dde I, Hae III, Hinf I, and Sau3A I also digested E. pulchra and P. guttata and produced bands that differentiated the two pathogens, however longer than 24 hrs were needed for complete digestion and we did not get stable results from other five enzymes.
DISCUSSION
The standard PCR using universal primer pairs ITS 1 /ITS 4 or ITS1-F/ITS4 did not produce distinctive bands between P. guttata and E. pulchra and thus it is not practical to use them as a tool for disease diagnosis of anamorphic of powdery mildew. The ITS DNA sequence was clearly different and was used to select restriction enzymes that distinguish the two pathogens in disease diagnosis. PCR-RFLP using restriction enzyme Alu 1 produced three fragments with E. pulchra and did not digest P guttata and Rsa I produced two DNA fragments for P. guttata but did not digest E. pulchra (Table 1 ). The PCR-RFLP is a very good tool to distinguish two pathogens E. pulchra and P. guttata. Table 1 lists the theoretical digestion patterns for E. pulchra and P. guttata ITS region with six enzymes postulated by the program NEBcutter V2.0 (http://tools.neb.com/NEBcutter2/index.php). We did not get such patterns in each enzyme because of incomplete digestion. However, the digestion patterns for each enzyme are very different between the two pathogens although incomplete digestion is a problem. 
